Abstract. In the paper is presented the study of the Fe 2 O 3 powders granulation effect on the firing parameters for the BaCO 3 +6Fe 2 O 3 powder mixture. The Fe 2 O 3 powders were milled in a ball mill in wet medium. The results indicated that the granulation of Fe 2 O 3 powders decreased rapidly with the increase of milling time. The Fe 2 O 3 milled powders were then mixed with unmilled barium carbonate powders in order to form barium hexaferrite. After mixing, the powders were analized by thermogravimetric point of view and then the obtained barium hexaferrite samples were investigated by XRD analysis. It was observed that the firing temperature of the hexaferrites decreases with 10 degrees when we introduce in the mixture Fe 2 O 3 milled powders with a fine granulation.
Introduction
M-type barium hexaferrites have been around for a long time. Interests in them have continued because new applications have been found for them. Their fabrication often requires the use of high sintering temperatures. Heating at too high of a temperature can, however, lead to destruction of the crystalline structure, while heating at too low of a temperature can result in incomplete solid-state reaction [1] .
There are various alternative processes have been developed to prepare fine barium hexaferrite powders with the desired particle size characteristics. These techniques include chemical coprecipitation [2] [3] [4] [5] [6] , glass crystallization [7] , hydrothermal synthesis [8, 9] , sol-gel [10, 11, 12] , microemulsion [13] and mechanochemical activation [14] . So, many of these methods lead to formation of intermediate phases such as Fe 2 O 3 , BaCO 3 or BaFe 2 O 4 together with barium hexaferrite which decrease the saturation magnetization compared to that prepared by ceramic routes. The classical ceramic method for the preparation of barium hexaferrite consists of firing mixture of iron oxide and barium carbonate at high temperature (1100 o C) [15] . This method has the advantages of low production cost and high production yield.
In this paper we present results for the BaFe 12 O 19 samples, in which Fe 2 O 3 was the subject of mechanical miling using a planetary ball mill.
The research conducted in this paper shows the influence of powders particle morphology used in forming of homogeneous mixtures on the formation reactions of barium hexaferrite.
It is known that the speed of the reaction is mainly determined by the reactivity of the components that come into contact in their heating. So, their reactivity is determined by the fineness of the powder particles and the number of point contacts between the particles.
In the case of barium hexaferrite are used BaCO 3 and α-Fe 2 O 3 powders which are homogeneously mixed resulting an assembly according to figure 1. As shown in the homogeneous mixture image, hematite particles being much finer than those of BaCO 3 are spread as a powder on the barium carbonate pellet, increasing in this way the number of contact points at mixture heating for the ferrite formation. For this reason, the morphology of the powder granules, especially of hematite, is important for the formation of ferrite.
Therefore, an influence factor that will be studied in this paper is the effect of Fe 2 O 3 mechanical milling at heating of the homogeneous stoichiometric mixture BaCO 3 x6α-Fe 2 O 3 .
Materials and experimental procedure
The barium hexaferrites samples were obtained by a ceramic technique. So, for formation of BaFe 12 Mechanical milling process of the α-Fe 2 O 3 was carried out in a vibratory mill type PULVERISETTE 4 for 5 and 20 hours in wet atmosphere. The weight ratio of balls to milled material was 2:1. After milling process the powders were dryed in a rezistive oven at 200 o C for 30 minutes. Further, the powders were disagglomerated in a ball mill for 3 minutes in air atmosphere. The obtained powders were analyzed by particles size distribution point of view using a BROOKHAVEN 90PLUS device. The mixtures from table 1 were homogenized in a planetary ball mill PULVERISETTE 6 for 40 minutes.
In order to determinate the barium hexaferrite we used a derivatograph device to heat the mixtures up to 1500 o C in air atmosphere. Phase identification of the samples was carried out by Xray diffractometer (D8 Discover (Bruker)) in θ-2θ geometry using Cu Kα radiation of wavelength 1.5418 Å and a step size of 0.05°.
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Results and discussions
Developing mixtures for experiments
In order to elaborate the mixture for research, it was started with the mechanical milling of α-Fe 2 O 3 initial powders for 5 and 20 hours using a planetary ball mill Pulverisette 4.
Fe 2 O 3 powders obtained after milling were characterized by morphological point of view determining the aspect of powder granules by TEM microscopy ( fig. 2 ) and the particle size distribution using a BROOKHAVEN BI-90 PLUS MAS device which is based on laser light scattering method of the particles in suspension. Thus, in fig. 3 TEM analysis results highlight the fact that powder particles after milling presents in both cases acicular shape.
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In table 2 are summarized the granulometric analysis results of the hematite powders used in mixtures for the development of barium hexaferrites and the dimensional maxim of the powder granules are shown in figure 4: Therefore, it should be mentioned that if for SM standard mixture were used powders with micron grain size, in the case of the 5SM and 20SM mixtures the majority granulation of hematite powders is in the submicron domain.
Thermogravimetric analysis of the mixtures
In order to reduce the synthesis temperature of the barium hexaferrite were used in mixtures α-Fe 2 O 3 milled powder in wet conditions for 5 to 20 hours.
The main problem of the ceramic compounds consists in the high temperature at which the ferrite formation process is finalized. This fact leads to high energy consumption, time and premature degradation of the heating furnaces.
For this reason, in the research was studied the α-Fe 2 O 3 granulation influence on the firing temperature of hexaferrite. In this sense, there have been studied the 5SM and 20SM mechanical mixtures formed by barium carbonate and hematite powders resulted by milling of initial hematite for 5 and 20 hours.
The significantly peaks after heating, from obtained diagrams, were analyzed by heating another sample up to the maximum intensity of the peak and then quickly cooled in water. In order to see what kind of compound is presented at that peak it was used the X-ray diffraction analysis.
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So, in figure 5 is shown the diagram for 5SM stoichiometric homogeneous mixture at heating.
Fig. 5 Diagram for 5SM mixture
In this diagram it can be observed on the TG and DTG curves a weight loss of the sample in the temperature range (750-880) °C. The total loss in weight of the sample is 5% of the initial weight.
On the DTA curve makes its appearance a peak at 848 o C which according to the diffractogram from figure 6 corresponds to the formation of barium monoferrite. At the temperature of 1095 o C we identify on the DTA curve a maximum corresponding to a new peak which according to the diffractogram from figure 7 corresponds to the formation of barium hexaferrite. o C specific to barium monoferrite, the other significant peak is at 1090 o C and according to the diffractogram from figure 9 this peak corresponds to the maximum intensity of the reaction for the formation of barium hexaferrite.
According to the TG curve total weight loss of the sample is 7%. Based on the data from diagrams, was plotted the chart in figure 10 which presents the intensity of barium ferrite type M formation temperature, depending on the nature of the mixture. Fig. 10 Heating temperature range to barium hexaferrite synthesis Analyzing the graph we find that hexaferrite formation is favored by increasing of fineness hematite powder. The decreases of firing temperature can be explained by increasing the number of the contact points between the small particles of hematite and BaCO 3 particle according to the diagram from figure 1.
Conclusions
The results regarding mechanical milling of Fe 2 O 3 indicated that the granulation of hematite powders decreased with the increase of milling time, starting from micronic to nanometric domain. So, the granulation of Fe 2 O 3 milled powders for 20 hours decreased up to 95 % compared with the Fe 2 O 3 unmilled powders. It can be observed that the firing temperature of the hexaferrite decreases with 10 degrees by introduction of the milled hematite powders in the mixtures. Therefore, one of the possibilities to reduce the firing temperature of hexaferrite is to use fine hematite powder in the mixture.
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